In this study, the effects of various surface treatments on the glossiness of AC4CH-T6 casting and newly developed bright aluminum alloy casting were examined.
Introduction
The lightening of the car body is the most important issue regarding the reduction of the carbon dioxide emissions for realization of a low carbon society in the automobile industry. Aluminum, which can be expected to help lightening, has been applied in the place of the iron and steel, and the needs for these aluminum materials in the automobile industry has increased year by year. 1) Especially, the substitution from iron and steel to aluminum alloys is pronounced for the wheels of automobiles.
2)
The aluminum wheel, which has an excellent workability, is extremely effective for the exterior use in automobiles. In particular, the aluminum wheel with a decorative plating, which has a bright surface like a mirror, is in popular demand. However, since aluminum is such an active element and is passivated by oxidation, the loss of adhesion by the plated film on the aluminum alloy substrate due to the oxide film is one of the problems of this process. For the purpose of improving the adhesion, the double zincate treatment, which repeats the conversion treatment twice, is commonly adopted for the plating onto the aluminum alloy substrate.
3) Although the double zincate treatment was made on the aluminum alloy substrate, bad plating, such as blister, nib, tarnish and poor adhesion, often occur. These bad platings become a significant problem during production. Therefore, the development of a new technology with a bright surface, which is similar to plated products without the plating process, is desired.
In general, JIS AC4CH-T6 (AlSiMg alloy), 4) which has an excellent strength and castability, is mainly used for the raw materials of aluminum wheels for casting. However, it is extremely difficult for this casting to obtain a bright surface without a surface treatment such as a plating and drying process.
In this study, new aluminum alloy for the casting, which is similar in mechanical properties to the AC4CH-T6 casting and capable of having a glossy surface by another process such as the plating and dry coating, was developed. 5, 6) The developed alloy casting was adjusted on the basis of the JIS AC7A (AlMg alloy) casting, and became a heat-treatable aluminum alloy by adding zinc in order to improve its mechanical property. The effects of various surface treatments on the glossiness of the AC4CH-T6 casting and newly developed bright aluminum alloy casting were examined.
Experimental
Experiments were conducted with the AC4CH-T6 casting used for making aluminum wheels, developed bright aluminum alloy castings, and the A5052 sheet. The chemical compositions are shown in Table 1 . The molten metal of the AC4CH casting and developed alloy casting were cast in metal mold (molten metal temperature: 1003 K, shape of metal mold: boat-shaped specimen, 7) pouring weight: about 500 g, mold temperature: 523 K), and the heat treatment of the solution and aging (AC4CH casting: T6 treatment) was then carried out for these samples. The heat treatment conditions are shown in Table 2 .
Buffing, chemical polishing, and electropolishing were respectively undertaken for each specimen. The buffing equipment was used in this study, since the surface glossiness significantly changes by the buffing. The conditions of the buffing and the electropolishing are shown in Tables 3 and 4 , respectively. Furthermore, anodizing was conducted for the electropolished specimen in order to improve the corrosion resistance and paint adhesion. The anodizing conditions are shown in Table 5 .
The visual observations, surface shape measurement using the noncontactive three-dimensional structure analysis microscope (Zygo New View 5000), and SEM observations and element mapping using field emission electron probe microanalysis were carried out on the surface of the various treated specimens. The effects of the various surface treatments on the glossiness were examined by measurement of the glossiness by a glossmeter (Murakami color research laboratory, Digital glossmeter (GM-3D)). Figure 1 shows the appearances of the AC4CH-T6 casting and the developed casting after the buffing under the same conditions. The lattice of the background against the AC4CH-T6 casting is not clear, but that against the developed one is clear. The glossiness of the AC4CH-T6 casting and the developed one are 470 and 785%, respectively. In this way, the glossiness of the developed casting is superior to the glossiness of the AC4CH-T6 one with buffing. On the other hand, the glossiness of the specimen (current aluminum wheel with decorative plating) with the covered decorative plating (double zincate treatment/copper cyanide plating/copper sulfate plating/nickel plating/decorative chrome plating) onto AC4CH-T6 casting is 750%. The glossiness of the developed casting after the buffing makes it possible to show a significantly better glossiness than that of the decorative plating. Figure 2 shows the microstructures of the AC4CH-T6 casting and the developed one. The dendritic structure, which was developed during casting process, is observed for the AC4CH-T6 casting, however, it is not obviously observed for the developed one. In spite of both materials made by the same gravity casting method, these microstructures are remarkably different each other as shown in Fig. 2 . This difference is attributable to the chemical composition of each casting. That is to say, the AC4CH casting consisting of the AlSiMg alloy, which hardly dissolves silicon into the Al-rich solid phase, is a typical eutectic alloy. On the other hand, the amounts of magnesium and zinc in the developed casting consisting of the AlMgZn alloy are both under the solid solubility limit in the aluminum under the eutectic temperature. Therefore, these microstructures are remarkably different each other. Figure 3 shows secondary electron images of the AC4CH-T6 casting and the developed casting after the buffing. On both castings, the polishing seams due to the buffing were observed, so there was no difference regarding this point. However, on the AC4CH casting, the polishing seams were missed in the part of the precipitates along the grain boundary and these were then discontinuous as shown in Fig. 2 . Based on this result, these crystallizations seem to be harder than the aluminum matrix. Figure 4 shows secondary electron images and X-ray maps for the aluminum, silicon, magnesium, zinc and oxygen obtained by the FE-EPMA analysis for the surface of the AC4CH-T6 casting and the developed one after the buffing. On the AC4CH-T6 casting, aluminum is the main component, silicon and magnesium as alloying elements were nonuniformly distributed, and it was found that precipitates along the grain boundary observed in Fig. 2 were eutectic silicon. Magnesium was only slightly segregated banded, and the oxygen was also segregated in this area. The aluminum alloys, such as the 5000 series alloy and AC7A casting (Al Mg alloy) containing the magnesium, have been used as anticorrosive alloys. This anticorrosive performance as well as the enrichment of the oxygen in proportion to that of magnesium from the results of the EPMA element mapping suggest that the magnesium in the aluminum alloy accelerates the passivation.
Results and Discussion

Glossiness by buffing
On the other hand, magnesium in the developed casting has slightly segregated along the grain boundary, and the oxygen was also concentrated in this area. This result is in good agreement with the result of the AC4CH-T6 casting. Zinc was uniformly distributed, and no remarkable segregation, such as the eutectic composition on the AC4CH-T6 casting, could be observed. Figure 5 shows the surface morphology of the AC4CH-T6 casting and the developed one obtained by a three-dimensional structure analysis microscope after the buffing. On the AC4CH-T6 casting, the eutectic silicon, which crystallized along the grain boundary increases. This convex surface is caused by polishing the soft matrix in preference to the eutectic silicon, since the eutectic silicon is harder than the aluminum solid solution of the matrix. On the other hand, since there was no eutectic silicon on the developed casting, it was possible to obtain a smooth surface (surface roughness Ra: 0.48 µm) with an excellent glossiness. The microstructure of the developed alloy casting based on TEM observations after the solution heat treatment and aging treatment is shown in Fig. 6 . The fine T-phase (Al 2 Mg 3 Zn 3 ) precipitated in the matrix by this heat treatment. Thus, the developed alloy casting as the age hardenable alloy is aimed at improving the mechanical property by the T-phase precipitation.
Effect of chemical polishing and electropolishing on
the glossiness In section 3.1, it was demonstrated that the glossiness of the developed alloy casting is better than that of the AC4CH-T6 casting by buffing. However, the buffing may not be applicable for the developed alloy casting, because this material is used for castings with complicated shapes. Moreover, buffing is well known to increase the manufacturing cost due to its manual operation, and thus the effects of chemical polishing and electropolishing on the glossiness of the developed alloy casting were examined. In addition, the A5052 sheet was also evaluated as a comparison for this casting. Figure 7 shows the appearances of the developed alloy casting and the A5052 sheet after the chemical polishing. Regard of the conditions (electrolyte composition, temperature, treatment time) for the chemical polishing, which were changed for the developed alloy casting, it was not possible to obtain the glossy surface. However, it was capable of producing a glossy surface for the A5052 sheet without difficulty. The difference in the glossiness between the developed casting and the A5052 sheet seems to depend on the manufacturing process. That is to say, in the case of the chemical polishing depending on a chemical reaction, the heterogeneity of the microstructure affects the dissolution. Therefore, compared to the castings, the rolled sheet with a uniform microstructure has made it possible to have a uniform dissolution, and then obtain a glossy surface. At the present time, the chemical polishing as a glossy surface treatment has been applied to forged aluminum wheels made from the A5052 alloy. On the other hand, castings such as those developed in this study cannot uniformly dissolve because of the heterogeneity of the microstructure, inclusions and casting defects such as pinholes and shrinkage cavities. Figure 8 shows the appearance of the developed alloy casting after the electropolishing from sulfuric acid and phosphoric acid solutions. The lattice of the background against the developed alloy casting is clear. The electropolishing, which is anodic electrolysis using an external power source has made it possible to control the oxidation and dissolution of the specimen surface by optimization of the solution composition and electrolysis conditions (voltage, bath temperature). Therefore, the glossiness (754%) after the electropolishing is similar to that of the buffing. Figure 9 shows backscattered electron images of the developed alloy casting surfaces after various surface treatments such as buffing, chemical polishing and electropolishing. In the surface after the polishing (Fig. 9(a) ), a number of inclusions consisting of an intermetallic compound (Al 3 Fe) based on the iron as well as a number of pinholes were observed.
During the chemical polishing ( Fig. 9(b) ), a local dissolution was generated, and thus the glossiness was reduced. These local dissolutions formed in terms of the anodic dissolution of the aluminum close to the intermetallic compound (Al 3 Fe) and the local dissolution at the pinholes. Therefore, the intermetallic compound observed on the buffing surface was thoroughly missed.
On the other hand, the intermetallic compound, which was missed by the chemical polishing, was observed after the electropolishing, and it was then found that the local dissolution was suppressed. In this way, for the electropolishing, it is possible to suppress the nonuniform dissolution, which originates from the metal structure, by optimization of the electrolysis conditions, and thus this electropolishing makes it possible to obtain a smooth and bright surface. 
Effect of anodization on the glossiness
Although the 7000 series aluminum alloy possesses excellent mechanical property, its corrosion resistance is inferior to other aluminum alloys. 8) Since the developed casting consisting of the AlMgZn alloy is similar to the 7000 series aluminum alloy, the surface treatment when considering the anticorrosion is important for the developed casting. The anodization for the developed casting was examined, because the anodization has been widely applied as a surface treatment for aluminum alloys. Figure 10 shows the appearances of the developed alloy casting with the electropolishing shown in Fig. 8 after anodizing from the sulfuric acid solution by the standard procedure 9) and the newly developed solution.
10) The lattice of the background against the developed casting treated by the anodization from the sulfuric acid solution is not clear. This glossiness was 382%, and the sulfuric acid anodization remarkably lowered the glossiness.
On the other hand, the lattice of the background against the developed casting treated by the anodization from the developed solution was clear, and this glossiness was 701%. Although this glossiness is slightly inferior to that of a commercial aluminum wheel covered with the decorative chrome electroplating, this result indicates that the developed anodization is extremely effective for reducing the deterioration of the glossiness as well as the resistance to corrosion by the developed casting.
Based on the above results, it was proven that the glossiness after the anodizing between the sulfuric acid solution and the developed solution remarkably differed. The anodizing from the sulfuric acid solution and the developed solution were conducted using the A5052 sheet, and then cross-sectional observations of the obtained oxide coating were carried out in order to clarify the factor. Figure 11 shows the backscattered electron images of the cross-sectional oxide coating from the various solutions. A large number of voids were observed in the oxide film from the sulfuric acid solution. An irregular reflection of light occurred on this nonuniform oxide film, it will cause the lower glossiness as in Fig. 10(a) . Upon anodic electrolysis in the sulfuric solution with a strong acidity, the formation of an oxide film at the intermetallic compound (Al 3 Fe) is further suppressed than that at the aluminum matrix. Therefore, the intermetallic compound preferentially dissolves, and voids were formed as shown in Fig. 11(a) .
On the other hand, the intermetallic compound (Al 3 Fe) was observed in the oxide film from the developed anodizing. Since the pH of the anodizing solution is adjusted for the suppression of dissolution of the intermetallic compound, the intermetallic compound in the oxide film possibly remains. Thus, the developed anodizing is capable of forming an oxide film with an excellent glossiness.
Conclusions
The effects of various surface treatments on the glossiness of an AC4CH-T6 casting and newly developed AlMgZn aluminum alloy casting, which has the strength similar to the AC4CH-T6, were examined. The following results were obtained.
(1) For the AC4CH-T6 casting, it was difficult to obtain a bright surface by buffing due to surface irregularities between the hard eutectic silicon and the aluminum matrix. However, the developed casting without the silicon makes it possible to obtain a bright surface by buffing. The glossiness of the developed casting is superior to that of the AC4CH-T6 casting covered with a decorative chrome electroplating.
(2) The glossiness of the developed casting treated by the chemical polishing was remarkably reduced, depending on the generation of the local dissolution close to the intermetallic compound (Al 3 Fe) and pinholes. However, based on the electropolishing, it was possible to suppress the nonuniform dissolution, which originated from the metal structure by optimizing the electrolysis condition, and thus this electropolishing made it possible to obtain a bright surface. (3) A nonuniform oxide film was formed by the anodization from a sulfuric acid solution in terms of the preferential dissolution of the intermetallic compound (Al 3 Fe). Therefore, the glossiness was reduced. However, a uniform oxide film was formed by the developed anodization because of the uniform dissolution of the intermetallic compound (Al 3 Fe). As a result, it was possible to establish a new surface treatment technology which can produce a glossy surface.
